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Introduction . - -
Bacterial secretory proteins are made as larger precursors which 
are processed to the native proteins. The protein precursors contain 
an N-terminal leader peptide that aids in the translocation across the 
cell membrane. These leader peptides have been shown to be 
essential for proper translocation of die protein due to the fact that 
point mutations which are defective in translocation usually map to the 
leader peptide (1-3). The leader peptides are characterised by 
positively charged amino acids at the N-termtnus followed by a stretch 
of hydrophobic amino adds which are flanked by polar regions (1-3). 
The leader peptides are cleaved off to form the native protein upon 
translocation by a signal peptidase (4).
An example of an Escherichia coli secretory protein is cytochrome 
b562. This protein has been shown to have a characteristic signal 
sequence which is not present on the native form of the protein. The 
same study showed that b562 was located in the petlplasmic space 
(5).
Bacterial export sequences have been shown to export normally 
cytoplasmic proteins into the periplasm. In a report bv Takahara et al. 
human superoxide dismutase (hSOD) was secreted into the periplasm 
of B. coll using a vector that encoded the ompA signal sequence (6). 
The hSOD was found in the periplasm with the proper amlt. terminus 
showing that the signal was recognized and cleaved by a signal 
peptidase. This gives promise to being able to secrete other 
recombinant proteins expressing in E. coli.
t
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using g. coll biased codons and placing convenient restriction sites 
through die gene. A plasmid was constructed that contained the bS62 
signal sequence in order to place the myoglobin gene behind it. As in 
the case of myoglobin, the lac promoter was used. Also, an N-terminal 
methionine and a ribosome binding site are encoded in the signal 
oligonucleotides. The signal sequence oligonucleotides and the linker 
used for myoglobin (fig. 1) were designed by Karen Egeberg of the 
University of Illinois at Urbana-Champaign.
MATERIALS AND METHODS
Purification and Detrytilation of Oligonucleotides
The synthetic oligonucleotides were obtained from Mr. Saw Kyin of 
the University of Illinois Biotechnology Center. The trytylated 
oligonucleotides were dried in a speed-vac. the residue was 
resuspended in 1ml of water and purified from the failure sequences 
using a reverse phase C4 HPLC column. A gradient of 16% 
acetonitrile/84% trtethylaminoacetate to 22% and 76% respectively 
was used. The appropriate peaks were collected and dried down. The 
residue was resuspended in 300 ml of 80% acetic acid and incubated 
at room temperature for 20 minutes to remove the tiytyl group. Then 
300ml of 100% ethanol were added, and the mixture was dried until 
near dryness. Then two coevaporations with 50% ethanol were
performed. /Tie resulting residue was resuspended tn. 200ml of Water 
and extracted three times with Sifter, maintaining the top layer each
time. The residual ether was removed by heating to 37<>C for 15 
minutes, the DNA was precipitated twice with .3M sodium acetate
and two volumes of 100% ethanol. The final pellet was resuspended 
in 25pl of water (7).
Minipreparations of Plasmids
The alkaline lysis method for plasmid preparation was used (8). A 
50ml overnight culture was centrifuged at 5000 rpm for 5 minutes at 
4°C. The pellet was resuspended in 3.33ml of 50 mM glucose/lOmM 
BDTA/2.5mM Tris HC1 pH»8/4 mg/mi lysosyme and Incubated for 5 
minutes on ice. Then 6.7 ml of .2 N NaOH/.l% SDS were added, and 
the culture was put on ice for another 5 minutes. 5 ml of Ice cold 3M 
potasium acetate were added and Incubated 5 more minutes. The 
sample was spun at 8000 rpm for 5 minutes. The supernatant was 
attracted with an equal volume of 1:1 phenol: chloroform, and the top 
layer was placed Into another tube. The DNA was precipitated from 
this layer with two volumes of 100% ethanol and pelleted at 5000 rpm 
for 5 minutes. The pellet was resuspended in 1ml of TE buffer, and 
lOOpl of 150pg/ml RNase was added and incubated at 37oC for 1 hour. 
The DNA was pelleted by adding 600pl of 2.5 M NaCI/20% 
polyethylene glycol and Incubating on ice for one hour. The final 
pellet was resuspended tn 50pl of TE buffer. The concentration was 
measured by reading the absorption at 260 nm.
Restriction Digests
All restriction digests were done with enzymes obtained from BRL. 
The protocols suggested by the manufacturer were used in alt cases 
except the partial digests of pmb 413a. In this case a partial digest 
with Pvuil was performed in order to get cleavage at only one of its 
three sites in the plasmid. First the reaction time was altered from 5 
minutes to 1 hour. Then the concentration of the enzyme was varied. 
Finally, the buffer was changed to give the enzyme less activity.
Isolation of DNA in Agarose Gels
DNA was isolated off * agarose gels using NA 45 nitrocellulose 
membranes (8). After the DNA was run on a gel and stained with 
ethldium bromide, a slit was made in front of the desired band. An 
appropriate size piece of nitrocellouse was placed in the slit. The gel 
was then run until the stained band could be seen to be bound to the 
membrane. The membrane was washed in a low salt buffer (50mM 
tris-Cl pH«8/.15M NaCI/lOmM EDTA) to remove the residual agarose. 
The DNA was eluted by placing in a high salt buffer (50mM tris-Cl/ 1M 
NaCI/lOmM EDTA) and heating to 60oC for 30 minutes. The eluent 
was then extracted three times with 1:1 phenohchloroform a.id 
precipitated with two volumes of 100% ethanol. The pellet was 
resuspended in 25pl water.
Another method used to isolate DNA off of gels was with the GENE 
CLEAN 2 kit made by BIO 101. This involves melting the agarose in
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three volume* Nal and then adding glass milk, which binds the DNA. 
The glass milk was washed and the DNA was eluted In water or TE 
buffer at 55°C.
Kinasing and Annealing of the Oligonucleotides
The oligonucleotides were kinased using T4 kinase obtained from 
BRL. The kinased ollgos were annealed by heating to -90oC and 
allowing to cool very slowly, approximately one hour (8).
Ligation Reactions
The ligation reactions were set up according to the protocols 
described by Maniatls (8). A protocol for in-gel ligations is also 
described and was used in the construction of the myoglobin export 
plasmid. First the DNA was run on a SeaPaque low melting agarose 
gel. The gd was stained with ethidium bromide, and the appropriate 
bands were cut out in as little volume as possible. The gel pieces 
were heated to 70°C for 3 minutes to melt the agarose. Then 
appropriate allqouts of each fragment were mixed to obtain the 
desired vector to insert ratio. Then the proper amount of 5x ligase 
buffer was added to bring the concentration to lx along with 1 unit of 
T4 ligase obtained from BRL. The reaction was mixed at 37°C and the 
Incubated at 20°C for -12 hours.
Transformation of Competent E. Coll.
Com petent E. coll were made by the CaCl2 method (8). A 50ml LB'
(lOg tryptone/5g yeast extract/ lOg Nad per liter water) was 
innoculated with 500gl of an overnight culture of TB-1 E. coll. This 
was allowed to grow for two to three hours in order to reach log phase. 
The cells were then pelleted at 5000 rpm and resuspended in 25 ml 
of 50mM CaCl2 and Incubated on ice for 15 minutes. The cells were 
spun down again and resuspended in 4ml of ice cold 50mM CaCla- 
The pells were placed on ice for 12 to 24 hours before transformation. 
The cells were transformed by adding approximately 40ng of DNA. 
After adding the DNA, the cells were placed on ice for 20 minutes and 
then heat shocked at. 42«>C for two minutes. Then lml of LB was 
added, and cells were incubated at 37«C for 1 hour to build antibiotic 
reslstence. The plasmids used were pucl9, designed by Messing, and 
pucl 37, designed by Karen Egeberg of the University of I'linols from 
pucl9. These plasmids all carry ampicillln reslstence as a selection 
marker. The plasmid also encodes a gene which compliments the 
deficient TB-1 p-galactosldase. The poly linker is in the middle of this 
complimentary gene. If this is not disrupted, the complimented p- 
galactosidase will give a blue product In the presence of X-gal. The 
cells were then plated on ampiclllin/X-gal LB (lOg tryptone/5g yeast 
extract/ lOg NaCI/12g agar per liter water) plates. Colonies that 
contained the plasmid were blue while colonies that contained the 
plasmid with the Insert grew and were white in color.
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Colony Hybridization
Colony hybridization was performed when many positive colonies 
appeared upon transformation (8). The colonies were picked and 
plated on a nitrocellouse Alter that was placed on top of an LB plate 
and an identical master LB plate. These were allowed to grow -8 
hours. The colonies on the Alter were lyccd by first placing it in 10% 
SDS for 5 minutes. Then the Alter was placed into the lysis buffer 
(1.5M NaCl/.5N NaOH) for 5 minutes. It was then transferred to the 
neutralization buffer (1.5M NaCl/.5M tris MCI pH«8) for 5 minutes.
And Anally the Alter was placed in 2X SSPE (,3M NaCl/200mM NaP04 
pH»7.4/20mM EDTA). The Alter was then dried on a gel dryer for 
two hours.
The labeling of the probe was done using bacteriophage T4 kinase 
and y-32p ATP. Approximately 500ng of the desired oligonucleotide
were labeled.
The dried Alter was then prehybridized by placing it in a bag and 
adding 5ml of Rapid Hybridization Buffer obtained from Amersham. 
The bag was sealed and incubated at 65°C for 15 minutes. After 
prehybridlzaUon, the Alter was transferred to a new bag for 
hybridization. Next, 400pl of TE buffer were added to the kinase 
reaction, and this mixture was added to the new bag along with fresh 
hybridization buffer. This was incubated at 65°C for 1 to 2 hours to 
hybridize. Then the Alter was removed from the bag and placed in IX 
SSC (3m NaCl/.3M sodium citrate)/. 1% SDS at room temperature for 
15 minutes. The Alter was then exposed to Aim for an amount of time
depending on the number of counts. After this, successive washes 
with the same concentration of SSC and SDS were performed at 50f>C. 
55°C. 60°C, and 65°C while exposing to film each time. Two more 
washes with . IX SSC/. 1% SDS were done at 65°C and 70°C. The room 
temperature wash was compared to the others to find possible positive 
colonics.
Sequencing of Double Stranded DNA
The dideoxy sequencing method was used to sequence all samples 
(9). The reagents and the protocol came from the Scquenase Version 
2.0 made by United States Biochemical Corporation. First. 1.5ml of an 
overnight culture was niinlprcppcd using the alkaline lysis method (7). 
The resulting double stranded DNA was denatured In .2M EDTA/ .2N 
NaOH at 37°C for 15 minutes, i c solution was neutralized by adding 
. 1 volumes of 3M sodium acetate. The DNA was then precipitated with 
two volumes of ethanol. The pellet was resuspended in 7ul of water 
and 2)4.1 Scquenase reaction buffer. Then one mierollter of the 
appropriate primer was added, and the mixture was incubated at 37°C 
for 15 minutes to anneal. Then lpl of . 1M dithiothrcitol. 2pl of diluted 
labeling mix, and .5pl of a-35S ATP were added to the DNA. A 1:8 
dilution of Sequenase enzyme was made, and two microliters of this 
were added to the reaction and incubated at room temperature for 3-5 
minutes. Then 3.5 pi aliqouts of the reaction were placed into four 
tubes containing the appropriate stop solution, one with dideoxy-A, 
another with dideoxy *C, another with dideoxy-G, and finally one with
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dldeo*y-T. These were Incubated at 37°C for 3-5 minutes. To each 
reaction. 4pl of the Sequenase stop solution were added, and the 
samples were loaded on the gel.
The sequencing gels were poured containing 38.6g of urea. 16ml of 
38:2 acrylamide : bisacrylamide. 8ml of 10X TBE buffer, and 50 mg of 
ammonium persulfate which was all brought up to a volume of 80ml. 
The polymerization was started by adding 35pl of TEMED. The gel 
was run at a constant 40 watts for a time depending on the location of 
the desired sequence with respect to the primer.
CO Difference Spectra
Myoglobin, upon binding of carbon monoxide, has a characteristic 
absorption spectra at approximately 420nm (7). To test for myoglobin 
expression, a CO difference spectra was taken to observe this peak at 
420nm. The spectra was taken by scanning from SOOnm to 400nm on 
a spectrophotometer. First, approximately 3ml of culture was added 
to a cuvette and reduced by adding a few grains of dlthionite. A 
background spectra was taken. Then carbon monoxide was bubbled 
through the sample for 30 seconds and another spectra was taken. If 
myoglobin was expressing, a peak would appear at 420nm.
Preparation of Protein Sample for SDS PAGE
The protein samples that were looked at were the soluble proteins, 
membrane proteins, and the periplasmic space proteins. The soluable 
and membrane proteins were prepared by using lysozyme as in a
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minlpreparatJon on a 3ml culture. The pellet after lysis represents 
the membrane fraction. A much lower concentration of lysozyme was 
used, approximately lOOpl of lmg/ml. This was Incubated on ice for 1 
hour. Then 400pl of .01M tris-HCl pH=8.0 were added. The 
periplasmlc proteins were obtained using the chloroform method 
(10). A 3ml culture was spun down at 500 rpm. The pellet was 
resuspended in 40pl chloroform and incubated at room temperature 
for 15 minutes. Then 400pl of .01M tris-HCl pH=8.0 were added, and 
the cells were spun down at 7000g. The supernatant, which 
contained the periplasmlc, proteins was saved.
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SDS Polyacrylamide Gel Electrophoresis
Sodium dodecylsulfate polyacrylamide gel electrophoresis was used 
to look at the sizes of the proteins being produced (11). SDS was used 
to denature the proteins. First a running gel was poured by mixing 
7.5ml of 30% 38 : 2 acrylamide : bisaerylamide. 3.75ml of 1.5M Tris- 
HCl pH>8.8. 3.75ml .4% SDS, 15mg ammonium persulfate, and 25pl
TEMED. A layer of water was poured on top of the running gel to give 
a flat surface. After 2 hours, the stacking was made by mixing 3.0ml of 
10% acrylamide : bisaerylamide, 2.5ml; of .5M Tris-HCl pH=6.8, lOOpl 
SDS,4.5ml water, 15mg ammonium persulfate, and 25|il TEMED. H ie 
gel was left to polymerize for at least 2 more hours.
The samples were prepared by boiling them in SDS to denature the 
protein. Then p-mercaptoethanol was added to reduce the disulfide
bonds. The samples were loaded on the gel and run at a constant 5 
watts for about two hours.
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RESULTS
Ligation or Export Sequence and Linker into pmb413a
The export sequence containing Pstl and Hind III sites was first 
ligated to the linker oligonucleotide (fig. 1&2). Then the attempt was 
made to ligate this construct into a Pstl/partlal Pvull digested pmb 
413a . The partial digest should contain a population of plasmid which 
was cut at the right Pvulf site. This ligation was transformed into TB- 
1 E. coll. Only a few colonies appeared. Upon restriction mapping it 
was shown that the results were negative. This protocol was repeated 
and it was found that several colonics grew. Colony hybridization was 
performed and about ten weakly positive colonies were found. None of 
the minipreparations contained the proper fragments upon digestion. 
The next ligation was done the same way except the the partial digest 
was run on an agarose gel. and the singly cut population was isolated 
cm a nitrocellulose membrane. Again all colonies that grew were 
negative.
Construction of psm21S
A ligation between the export sequence and Pstl/Hindlll cut puc 
19 was performed. After transformation, five colonies appeared. Of
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b562 Export Sequence
PstI
T G C A/G A T A A C T A A C T A A A G G A G A A C A A  
A C G T C T A T T G A T T G A T T T C C T C T T G T 7
* * * A „ 3 „ 5 .
C A A C A A T G C G T A A A A G C C T G T T A G
G T T G T T A C G C A T T T T C G G A C A A T C
VET AR YS SES LEU LEU
HindiII
T C T A T T C T T  G: C A G T 
C G A: T A A G A A C G T C A
ALA ILE LEU ALA VAL
C T C C T C G T T G G T A
G A G G A G C A A C C A T
T T C A G T T C T G C  A/A 
A A G T C A A G A C G T T
Rr.r 5-A SE? A". A
G C T T T G C C G C  
C G A/A A C G G C G
■:R rHE ALA / /  ALA
PEPIDASE CLEAVAGE
ro
Mb L i n k e r  C i i g o n u c l e o t i d e
HindiII PvuII
A G C T T T G C T G C T C T G T C T G A A G G T G A A T G G C A G /  
----------------A A C G A C G A G A C A G A C 7 T C C A C 7 T A C C G 7 C /
s e r  ? h * a : a  ,. a : a i r L  ee r  ■ ::' u ; v ,-:l  ”-r l  *•
PEPITIDASE CLEAVAGE
Figure 1
Sperm Whale Myoglobin Gene
Pst I
C T G C A/G A T A A:C T 
G/A C G T C T A T T G A
PvuII
7 G G C A G/C T G G T T 
A C C G T C/G A C C A A
. 2BE glx MAI
G G: T C A G G A C A T C  
C C A G T C C T G T A G
GLY GLS ASP ILE
T T C G A T C G: T T T C
A A G C 7 A G C A A A G
PBE ASP AEG
C 7 G A A A A A A C A T
G/A C T T T T T T G T A
!FU lys lys his
A A A G G G C A T C A T
7 7 T C C C G T A G T A
LYS GLY HIS HIS
C A T A A G A T C C C G
G 7 A 7 T C T A G G G C
HIS LYS 23*
Xbal
C 7 G C A T T/C T A G A 
G A C G T A A G A T  C/T
!.Ei: HIS SEE AEG
Xhol
A A A G C T C/T C G A G 
T T T C G A G A G C  T/C 
' lys at.a leu glu
A A C T A A A G:G A G A 
T T G A T T T C C T C T  
*** H.3.S.
A C A A C A: 
T G T T G T
C T G C: A T G T T 
G A C G T A C A A
LSI HIS 1AL
Hinfl
T T G A/T T C G A 
A A C T A A/G C T
lf:: aeg
T G G
ACC
C: T G 
G A C
A A A C A T: C T G A A A 
T T T G T A G A C T T T
. LYS HIS Li l  LYS
G G T G T T A C C G T G
C C A C A A T G G C A C
GLY LcL I HE
G C T: A A A 
C G A T T T
ALA LYS
T T C A A A 
A A G T T T
LYS
A C T  G: A A 
T G A C T T
THE GL"
Hpal
T T/A A C T
A A/T T G A
LEU THE
A C A
T G T
G T T 
C A A
T C: T 
A G A
SEE
G C T 
C G A
G C C
A T G G T T C: T G T C T G A A 
T A C C A A G A C A G A C T T
y?-" la :.. leu see glu
A a t l l
G A A: G C T G A C G T/C G: C T 
C T T C G A C/T G C A G C G A
GLU ALA ASP VAL ALA
Hpal I
C A T  C/C G G A A: A C T C T G 
G T A G G C/C T T T G A G A C
G G: T G A A 
C C A C T T
G G T C A T 
C C A G T A
HIS THE
G A A G C T G A G C T C
C T T C G A C T C G A G
A T C A A A T A C C T G
T A G T T T A T G G A C
A A A C
T T T G
LYS ;
EcoRI 
G/A A T 
C T T A
C G 
G C
T C 
A/G
Hindlll
G A A A T G A A/A G C T T C T 
C T T T A C T T T C G  A/A G A
GLU VF.T LYS A L A  SEE
C T A G G T G C T A T C C T T  
C G G G A T C C A C G A T A G G A A
A " ft L - I I  GLY A LA  I L E  I EG
SphI
C T T G C G C A A T C G C A T  G/C T 
G A A C G C G T T A G  C/G T A C G A
LEU A L A  GLU SEE H IS  L L u
A T C T C T G A A G C G A T C A T C
T A G A G A C T T C G C T A G T A G
G A
C T
G A
C T
A A: A A
T T T T
LYS
BglU
A/G A T 
T C T A
: ASF
T A C C A G G G T T A A  
A T G/G T C C C A A T T
TYR . GLS GLY ***
C A T C C A G G T A A C T T C G G T G C T G A C G C T C A G G G T G C T
G T A G G T C C A T T G A A G C C A C G A C T G C G A G T C C C A C G A
HIS PEC GLY hS% PHE GLY ALA ASS ALA LIU SLY
EcoRV
C T G T T C C G T A A A G A  T/A T C G C T G C T A A G T  A C A A A G A A  
G A C A A G G C A T T T C T  A/T A G C G A C G A T T C A T G T T T C T T
T PU F—. AEG LYS AS? ILL ALA ALA LYS LYE LYS GLU
Kpnl
T G A G G T A C/C
A C T  C/C A T G G 
• « •
Figure 2: Underlined amino acids are hydrophobic
A A G A A A
T T C T T T
• vq LY5>
A C T A A
T G A T T
THE LYS
C A T G T T 
G T A C A A
H 1S VAL.
A T G A A C 
T A C T T G
WT ASN
Bstell
C T G G/G T
G A C C C A
< H
the five colonies, two had a correct size fragment upon 
minipreparation and digestion with Pstl/HindiH. These two plasmids 
were sequenced, and it was found that one did have the correct 
sequence. Next, the myoglobin gene and linker were attempted to be 
placed into this vector. It was realized that the export sequence was 
in the wrong orientation with respect to the rest of the polylinker 
region, thus this vector could not be used for the purpose of myoglobin 
export.
Construction of pEx 137
To solve this problem, a new vector, pucl37. was used. The poly­
linker region had the proper restriction site orientation for our 
purpose (fig. 3). The export sequence from psm215 was ligated into 
pucl37 (fig. 4) using an in-gel ligation. Fifteen colonies appeared and 
12 were minipreped. After digestion, it was seen that 10 of these 
colonies contained a fragment corresponding to the export sequence. 
Sequencing data showed that the correct construct was inserted into 
this vector. This could now be used to insert the myoglobin gene 
behind the export sequence.
Construction of pmbE413
Using pExl37 and pmb413a. an ln-gel ligation was run by adding 
to the gel slices an aliqout of the annealed tinker. After transformation 
of this ligation, eight colonies were found. Three of these colonies had 
a peculiar blue halo around them as well as being
del 0.18 arl 0 24
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AfMil 0.81
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PeryMnkerl: 0.40/B»mHI.Kpnl.Xhol.EeoHI.Smal.Hindlll.M62*xp,P*1l.
PllinM  Nh m : pEx137 
Plaemid elie: 2.78 kb 
Constructed by: Mark McLean 
Construction bate: 1990 
Comments/Referencss: Derived from pud 37
Figure 4
HgiEII 1,
Conatnieted »>y: Mark Mclean 
Conatfuetton *M«: 1990 
Commente/Referencee: Derived from pE*i37
figure 5
blue from the X-gal. The other colonies did not show this halo but 
were also blue. The colonies were minipreped. and it was noticed that 
the colonies with the halos did not grow as well as the ones without.
The DNA was cut with Hlndlll since, if the construct was made, an 
extra Hindlil site will be present (fig. 5). The three colonies with the 
halos had the fragment after digestion. These plasmids were 
sequenced, and it was found that at least one had the myoglobin gene 
behind the export sequence.
CO Difference Spectra
The CO difference spectra of the whole cells showed a very small 
peak at around 420nm (ftg. 6). This peak was much lower than the 
spectra of the control strain that did not contain the myoglobin gene. 
The spectra showed that expression did not occur. One possibility 
was that the protein was being expressed as apo protein in which case 
a CO difference would not be observed.
SDS PACE v V -f.
The SOS page also came up negative. In figure 7 die gel is shown. 
The whole cell proteins, and the perlplasmic proteins were run along 
with Bio-Rad molecular weight standards and wild type myoglobin 
whole cell lysate. The control strain that was used was pExl37. in 
cspfWFigfm, the m  strains showed no differences in the area of the
18
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figure 6 : CO DIFFERENCE SPECTRA
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figure 7
Lanes 1-7: Standard (21.500 and up), wild type Mb. pExl37 whole 
cell. pmbE413a whole cell. pExl37 periplasmlc, pmbE413a 
periplasmlc (membrane fraction not shown).
myglobin migration. The mebrane fractions also did not show any 
expression of myoglobin ( data not shown). An equal amount of 
protein was loaded from each the control and the myoglobin strains.
It appeared as if the myoglobin strains produced less protein than the 
control strain.
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CONCLUSION
Sperm whale myoglobin has been shown to express in E. coll using 
a totally synthetic gene. For easier purification, an export sequence 
from cytochrome b562 of E. colt has been placed in front of the 
myoglobin gene. This strain of cells shows no expression of 
myoglobin. It was also noted that these cells grow much slower than 
the strains that do not contain the export-myoglobin construct.
The reason that expression may not be seen may be that the 
protein is degraded in the cell. The addition of a leader peptide may 
alter the folding of the protein. Unfolded proteins in the cell are
more sensitive to protease degradation. Thus, the protein is not 
seen an the fD S  gel.
A  feasible explanation for the slow growth may be that the protein 
is actually being recognised by the translocation system but it is not 
moved all the way across the membrane. It has been shown that a 
stretch of highly hydrophobic amino acids may cause a protein to get
report showed that high expression of a fusion protein that anchors 
itself to the membrane inhibits translocation of normal peripiasmic 
proteins (12). In the case of myoglobin, figure 7 shows that there was 
a decrease of peripiasmic proteins in pmbE413 compared to pExl37. 
This may suggest that myoglobin is being anchored to the membrane 
before degradation thus inhibiting translocation of other proteins.
Since the peripiasmic proteins play a part in the metabolism of the 
cell, this would explain the slow growth. The fact that there Is still a 
detectable amount of peripiasmic proteins may account for the 
degradation of the myoglobin. When the myoglobin is degraded, the 
translocation machinety is freed until it  comes in contact with smother 
myoglobin being synthesised allowing translocation of other proteins. 
This may be the reason the cells grew slower and did not produce 
myogtobin at any detectable levels.
22
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